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Abstract: This paper closely examines factors affecting students’ progression in their 
engineering programs through fieldwork conducted at three Australian universities. To 
extract clues on how specific teaching methods can be used to maximize learning, the 
investigation considered factors such as understanding how students take in, process and 
present information. A number of focus groups were conducted with students and the data 
gathered was combined with survey results of students’ and academics’ learning styles. 
The paper reports on the process followed, and provides some analysis of the gathered 
data, as part of an Australian Learning and Teaching Council, ALTC, Associate 
Fellowship program.  
Keywords: engineering education, influences on student learning, learning styles, 
teaching styles, fieldwork, case studies.     
Introduction 
The  increased demand for engineers (King, 2008, Taylor, 2008, Engineers Australia, 2006) is not 
being matched by an increase in student demand for engineering programs. This highlights the 
importance of maximising retention rates of students in engineering programs. Nationally, the 
retention rate is 54% (King, 2008); that is, 54% of students who commence an engineering program 
graduate with an engineering degree. Can we do better than this? 
To support and facilitate student success rates and engender active learning, there is a need to have a 
commitment to identify and respond to any weaknesses in teaching strategies and in the learning 
environment in an integrated way.  
To retain students and to evaluate the success or otherwise of their programs, universities routinely 
conduct surveys and collect data. However, it is vital to have sophisticated program evaluations that 
are well documented and supported by thorough data analysis. It has been observed that in data 
collected via the Course Experience Questionnaire (CEQ), students may rate all aspects of teaching as 
being of high quality, yet they score the whole course/program’s experience as being poor. Such a 
dichotomy highlights the need to have a closer look at survey questions, and other feedback and data 
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collection mechanisms to gain insights into factors affecting engineering students’ perceptions of 
quality teaching and to discover the reasons that contribute to their success. There is also a need to 
share research results in order to assist in stimulating a productive discussion on the matter. 
This paper presents some results of the fieldwork of case studies associated with an Australian 
Learning and Teaching Council (ALTC) Fellowship program. I seeks to bring to the fore the 
connections between academics’ aspirations for their teaching (teaching goals), their teaching 
approaches in the classroom, their learning styles and those of their students, and link those to possible 
influences of the academic institution on students’ learning. 
Fieldwork setup 
As part of the ALTC Fellowship program, case studies were designed and conducted at three 
Australian universities, including fieldwork which was carried out on site.  
The sites chosen for the case studies reflect a range of institutions whose cultures and demographics 
could be expected to have an impact on students’ abilities to learn how to learn. One of the universities 
is a technological university (Queensland University of Technology, QUT), one is a traditional 
‘sandstone’ university (The University of Melbourne), and one is a regional university (CQUniversity). 
The Program leader at QUT worked closely with two Program Collaborators at the other universities to 
ensure consistency in carrying out field work at each site. 
The case studies were used to gather and organize a wide range of information, which was then 
analysed by seeking patterns and themes in the data. A case study protocol (Yin, 2001) containing a set 
of procedures and general rules was devised and followed. The case study protocol considered the 
objectives and issues to be investigated and the research questions to be addressed. Procedures for 
identifying and gathering information were also put in place to support the conduct of the program and 
to ensure the achievement of its intended objectives.  
At each university, a call for participation of academic staff was made via information sheets, 
discussions and presentations to staff. These varied depending on the circumstances of each 
institution. The timing for conducting the studies was largely determined by semester schedules and 
staff and students’ timetables.  
The program leader was in direct communication with colleagues at QUT via formal and informal 
meetings and discussions. He was assisted by a Program Officer who communicated with all involved 
and organised and kept track of activities. A Program Researcher was appointed to be in charge of 
conducting classroom observations and staff interviews. In addition, at each institution, student focus 
groups were scheduled and conducted with volunteering students from a range of year levels. 
The case studies had a primary focus on the learners (students), the teachers (lecturers) and the 
learning environment (institutional norms). They are designed to explore the proposition that a 
mismatch between learning styles, teaching styles and institutional norms may impede student 
commitment and success in learning. In this study, institutional norms mean such factors as the 
prestige attached to research, the dominant model of delivery, whether it be lecture, online, project 
etc., and the amount of support offered to students in adjusting to university culture.  
Foundations for the case studies 
The literature is rich with discipline-based educational research. The work of Felder et al (Felder and 
Silverman, 1988, Felder, 1993, Felder and Solomon (n.d.)) on learning and teaching styles in 
engineering is a relevant example of the value-adding such discipline-based approach to addressing  
learning and teaching issues continues to deliver for engineering.  
Considering how students prefer to learn, research shows that students are characterized by 
significantly different learning styles: they preferentially focus on different types of information, tend 
to operate on perceived information in different ways, and achieve understanding at different rates. 
Students whose learning styles are compatible with the teaching style of a staff member tend to retain 
information longer, apply it more effectively, and have more positive post-course attitudes toward the 
subject than do their counterparts who experience learning/teaching style mismatches (Felder, 1993). 
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Engineering education literature includes studies that suggest that in engineering programs, learning 
can be optimised by the application of different learning styles in direct interactions with students 
(Felder and Silverman, 1988, Felder, 1993), and also in computer based instruction (Boles et al, 1999). 
However, most engineering academics tend to, at least implicitly, assume not only that all students 
adopt similar learning styles, they expect the same learning style to be applied to all areas of 
engineering studies (Mills et al, 2005). 
David Kolb introduced his simple model of learning more than 30 years ago (Kolb and Fry (1975) and 
Kolb (1976), as described in Smith (2001)). He postulated that learning begins with a concrete 
experience (the engineering application), which leads to reflective observation (making sense of what 
has been observed) and abstract conceptualisation (theory building), before active experimentation 
(and application) can occur. Contrast this with how many engineering academics teach engineering, 
which usually begins with an abstract sketch of a phenomenon before launching into complex 
mathematical descriptions followed by a series of practice problems whose relevance is not clear to 
the students. 
Interestingly, Zull (2002) has provided neurobiological support for Kolb’s model, showing how the 
brain processes in four stages:  
sensing – data gathering – concrete experience;  
low level sense making – gathering the facts – reflective observation;  
high level sense making or abstraction – abstract conceptualisation; and  
getting into action – active experimentation.  
This takes Kolb’s model beyond theoretical musing and into the realm of observed scientific fact. 
Bernice McCarthy (1987) takes these ideas another step by suggesting that all learning should then be 
around the cycle, starting with a concrete experience, through reflection, abstraction and into 
experimentation. She suggests that this should occur at every scale of teaching activity, that is, each 
class, each week, each semester and for the entire program. Each time scale must start with concrete 
experience, move through reflection and abstraction to experimentation (putting the learning into 
action). 
Coffield et al (2004) published a study on the various learning styles and questioned the validity and 
reliability of the learning styles construct and assessment instruments. However, in discussing the 
implications for pedagogy, they state that: “A knowledge of learning styles can be used to increase the 
self-awareness of students and tutors about their strengths and weaknesses as learners. In other words, 
all the advantages claimed for meta-cognition (i.e. being aware of one’s own thoughts and learning 
processes) can be gained by encouraging all learners to become knowledgeable about their own 
learning and that of others”.  
The same publication refers to Apter’s work (2001) who suggests that an understanding of the various 
factors that affect or result in different motivational levels, given the possibly different contexts, can 
‘allow people to become more in control’ of their own motivation and of their learning; as a result. 
Coffield et al relate that Apter continues to state that; “Learners can become more effective as learners 
if they are made aware of the important qualities which they and other learners possess. Such 
knowledge is likely to improve their self-confidence, to give them more control over their learning, 
and to prevent them attributing learning difficulties to their own inadequacies”. Through the case 
studies, this program provided an opportunity for participating students and lecturers to engage in 
meaningful discussions about learning and teaching styles. 
When Grasha (1994) started his investigation into teaching styles, he made the assumption that a 
teaching style represented a pattern of needs, beliefs, and behaviours that lecturers demonstrated in 
their classroom. He also envisaged that style was multidimensional and affected how lecturers 
presented information, interacted with students, managed classroom tasks, supervised coursework, 
introduced students to the study area or profession, and mentored students. 
The interaction between the students’ learning styles, lecturers’ learning styles, teaching styles and 
philosophies provide a rich field for investigation and holds a great potential for enhancing the 
learning environment and students’ learning outcomes.  
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Case study design 
In each site, two major activities were implemented, one with students and the other with lecturers. 
The program worked with current students and staff across the three universities, to study interactions 
between students and lecturers by modelling a process of investigation, analysis, problem-solving, 
pedagogical design and implementation that develops a culture of shared responsibility between 
students and staff for enhancing learning outcomes. Figure 1 shows the design and components of the 
case studies.  
Students were asked to complete a learning styles survey and participated in focus groups. Nineteen 
volunteering academics were asked to complete learning styles and teaching styles surveys. In 
addition, an instance of their teaching was observed and they were also interviewed. The student focus 
groups and lecturers’ interviews assisted in obtaining an insight into the effects of the institutional 
culture.  
The learning styles instrument chosen was Felder and Silverman’s Index of Learning Styles (ILS), 
(Felder, 1999), since it was developed for engineering students and was used in previous studies such 
as the one reported by Mills et al (2005). The ILS uses four dimensions to describe learning 
preferences. Each preference is rated on a scale from 1 to 11, with 11 being the strongest preference. 
The four dimensions can be described as in Mills et al (2005):    
 
Case Studies
Construct 
validity
Internal 
Validity
External 
Validity
ReliabilityTested for
Multiple embedded cases
Imbedded unitsUnits of analysis
Student 
cohorts
Different types 
of universities
Designed as
 
Figure 1: Design of the case studies 
 
Active/Reflective: This dimension refers to processing of information. Active learners prefer 
trying things out and working with others. Reflective learners prefer to think things out and work 
alone.  
Sensing/Intuitive: This dimension refers to ways of receiving information. Sensors like learning 
facts and using tried methods in practical settings. Intuitive learners are innovative and enjoy 
abstract concepts and new situations with untried methods.  
Visual/Verbal: This dimension refers to ways of perceiving sensory information. Visual learners 
relate well to graphs, pictures, diagrams etc. Verbal learners enjoy reading and lectures.  
Sequential/Global: This dimension refers to progress towards understanding. Sequential learners 
prefer taking logical steps towards an outcome. Global learners grasp the big picture quickly and 
work out the steps later. 
The teaching styles instrument used is that of Grasha (1994).  This has five categories of styles, 
namely: Expert, Formal Authority, Personal Model, Facilitator, and Delegator: 
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Table 1: Teaching Styles 
Type Definition 
Expert Transmitter of information 
Formal Authority Sets standards and defines acceptable ways of doing things 
Personal Model Teaches by illustration and direct example 
Facilitator Guides and directs by asking questions, exploring options, suggesting 
alternatives 
Delegator Develops student’s ability to function autonomously 
 
However, Grasha (1996) claims that all teachers possess each of the qualities of the five styles to 
varying degrees.  In a thematic analysis of his experiences, he found that four combinations, or 
clusters, of styles were evident.  Teachers use some styles more often than others or use styles in 
combination. He further identified four clusters as shown in Table 2 below. 
Table 2: Teaching methods 
Cluster Primary Styles Secondary Styles 
1 Expert/Formal authority Personal model/ Facilitator/Delegator 
2 Expert/Personal model/Formal authority  Facilitator/Delegator 
3 Expert/ Facilitator/Personal model Formal authority/Delegator 
4 Expert/ Facilitator/Delegator Formal authority/Personal model 
In addition to the learning and teaching instruments, academic staff were invited to use   Angelo and 
Cross’ (1993) Teaching Goals Inventory to help reflect on their self-assessments of teaching styles and 
actual interactions with students in the classroom.  
Feedback to participants and the discipline forms an important part of the program. Individual 
academic staff participants were presented with a summary reflecting on their survey and interview 
results and the findings of the observations in their classrooms. Where possible, this was offered with 
some pointers and suggestions on how to move forward to create a better learning–teaching nexus.  
Fieldwork findings  
Teaching styles 
Staff teaching styles across all three universities are reflected in Fig 2 which indicates the number of 
responses and how they ranked on the various style classifications (high, moderate or low).   
 
 
Figure 2: Staff teaching styles 
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The categories with the largest number of ‘high’ ratings were formal authority and, surprisingly, 
delegator. Classroom observations suggested that formal authority and personal model were the most 
common styles used, but then most classes observed were lectures, and as Grasha notes, style is 
relative to setting. Delegation is rare in the lecture setting. Two academics shared an unusual pattern in 
rating high on delegator and low on expert. These staff members were involved in, and committed to 
Problem Based Learning programs where such styles are likely to be most effective. 
Like students, academics have their own vocabulary for talking about teaching but they are usually 
talking about their intentions and aspirations. Most academics interviewed were unclear about how 
they are perceived in the classroom and whether their teaching strategies succeed. This leads to some 
uncertainty in how to proceed. 
Teachers’ learning styles 
The learning styles of the small number of participating academics who completed the survey are 
shown in Figure 3. 
 
 
 
 
 
 
 
 
 
Figure 3: Staff learning styles  
(Act/Ref: Active/Reflective; Sen/Int: Sensing/Intuitive;  
Vis/Ver: Visual/Verbal; Seq/Glo: Sequential/Global)  
 
With the exception of the visual/verbaliser dimension, these show no clear bias towards specific 
learning styles. The majority of participants had preference to the visual learning style, with three of 
University of Melbourne participants showing preference to the verbaliser learning style. In probing 
further, through interviews with these academics, it was revealed that there was no common 
understanding of what constitutes the visual learning. However, due to the very small number of 
participants, one should not read too much into these results or make generalisations. What is clear 
though is that, there is a spread of preferences over all learning styles dimensions.  
In regards to the connections between one’s own learning preferences and teaching styles, interviews 
revealed that many academics’ teaching styles were influenced by their experiences as learners, either 
through emulating an admired teacher, recoiling from an uncongenial one, or rather unreflectively 
duplicating the education they had undergone themselves. In other words, most participating 
academics were teaching to the students on the basis of assumptions derived from their own 
experience.  
 7
Student Learning Styles 
Analysis of the data obtained from surveying students in this study is now discussed. The numbers of 
students responding to the survey from each university was highly diverse with 99 respondents from 
QUT, 59 from Melbourne and only 9 from CQUniversity. However, the shape of the curves was the 
same in all cases, suggesting there are no major dissimilarities between the three populations. 
Students from all the three universities returned very similar results to the learning styles survey, 
suggesting there are no major dissimilarities between the three populations. The survey results have 
been aggregated in the following graphs (Figure 4):  
 
Figure 4: Students learning styles  
(Act/Ref: Active/Reflective; Sen/Int: Sensing/Intuitive;  
Vis/Ver: Visual/Verbal; Seq/Glo: Sequential/Global) 
 
Students show a slight preference for active learning over reflection. To the extent this tendency is 
real, one would expect students to be learning least in lectures and most in classes where they are 
asked to do something with information, probably in a group context (Felder and Soloman, n.d.). 
Students at all three universities indicated that although lectures were the ‘typical’ class, they did not 
feel they got a lot out of them. 
On the second dimension, there is a tendency for students to prefer sensing approaches rather than 
intuitive ones. That means they like clearly defined facts, well-established methods of problem solving 
and clear connection to real world applications. Students at all three universities pointed out that they 
learned most by working through example problems and this fits with a ‘sensing’ approach. 
Visual vs. Verbal Learning Style is the dimension with the clearest bias, towards visual learning styles. 
It is not fully understood what a visual learning style really is but it certainly contrasts with a verbal 
style of information processing and probably has to do with cognitive processing that does not depend 
on the linear norms of language. Pictures (not equations, which are read as sentences), hands-on 
demonstrations and simulations are all likely to appeal to a student’s preference for visual learning. 
There is no very clear preference showing Sequential vs. Global Learning Style on this dimension, and 
this concurs with students’ own testimony that sometimes they prefer to work in steps through a 
problem, while at other times they need ‘the big picture’. The distinction between this dimension and 
that of sensing/intuitive is not clear. 
In discussion with students, they complained that the survey instrument was invalid because so often 
they wanted to give both possible answers. Some students gave this as their reason for not completing 
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the inventory. However, the instructions anticipated this, and participants were asked to choose the 
most likely, or the more frequent response.  
This survey result concurs with student comments during focus groups that their response to survey 
questions varied: “It depends on the subject [or the circumstances or my mood or the day of the 
week]”. This comment is consistent with the view that learning preferences might be affected by the 
subject content. 
It is important to note here that diversity of students’ learning styles as evidenced by the data collected 
in the case studies is consistent with what has been reported in the literature (Mills et al, 2005, Felder 
and Silverman, 1988, Felder, 1993.) In addition, through focus group discussions with students, they 
have reported that they are able to adapt, demonstrating their flexibility in response to external 
influences. 
 
The CQUniversity Case Study 
CQUniversity is based in Rockhampton, a regional centre of Queensland, with campuses in 
Bundaberg, Gladstone, Mackay and Emerald, plus a delivery site on the Sunshine Coast. Campuses 
are linked by interactive video (ISL) and lectures may originate at any of these sites.  The University 
also operates international campuses in Sydney, Brisbane, Melbourne, and the Gold Coast 
The Professional Engineering degree is offered as either a straight four year degree, or as a co-
operative option (the more popular) which includes two six-month blocks in industry and takes four 
and a half years to complete (CQU, 2007). Additionally, all courses are offered in distance or flexible 
mode.  The entire program is structured so that half of the course load is delivered in Project Based 
Learning (PBL) format and heavy emphasis is put on Professional Practice Skills and design, an 
inversion of the usual course progression.  
Teaching Styles 
While few staff completed the Teaching Style Inventory, some of those interviewed had developed a 
coherent teaching philosophy which focussed on “teaching and learning in context … so that [the 
students] are prepared to practice”.  Their teaching style inventories rated them as primarily facilitators 
and delegators and put them in Grasha’s Cluster 4 (Grasha, 1994), a style that is consistent with the 
PBL basis of the course. Students are facilitated to do independent study and they are assessed by 
portfolio, which aims to provide evidence for how they approached and solved complex problems, 
rather than getting the ‘right’ solution.  
In contrast, other staff teaching aims concentrated on “what [the students] need to know”, that is, on 
content as defined by the teacher, and their teaching style was based on what they themselves had 
experienced as students, which they described as conventional ‘chalk and talk’ teaching. This teaching 
style was reproduced through much class time being spent on lecturing and working through 
mathematical style problems of the ‘solve for x’ style. Some lecturers stated that they wanted to be 
‘more interactive’ but their notion of interactivity seemed to be confined to asking the class questions 
like ”Did you get that?” In one case, the lecturer was observed to ask the class questions about content 
he had yet to explain, possibly in an attempt to gauge what the students knew already.   
Although students and staff alike rate highly as visual learners, there were relatively few (effective) 
visual aids used in lectures. This observation is not unique to CQUniversity and PowerPoint slides 
tended to have too many words on them and diagrams tended to be abstract.  However, one lecturer 
was observed using a Tablet PC to work through examples in front of the class, making the process a 
more dynamic one. 
There appear then to be two different styles of teaching presented to students. The one associated with 
PBL is active (although students are required to do considerable reflection out of class for their 
portfolio); and intuitive, requiring self-directed discovery. It is also highly visual and a good 
environment for global learners who like to work on complex problems. The other more traditional 
teaching style is more reflective in class where students have to sit still and think about things, even 
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when they are working through examples. The practice of drilling questions is likely to suit sensing 
types who like to work through established methods and sequential learners who like linear logical 
progressions. This method is not so good for visual (and active) learners although possibilities exist for 
using more real world examples presented in photographs, drawings and contextualised diagrams. 
It would seem then that the engineering program at CQUniversity attempts to cater to every learning 
style and the students report generally high levels of satisfaction.  Some authorities warn against 
mixing PBL with other learning modes and complaints were voiced by students about coherence but 
this was usually with respect to a single course rather than across the curriculum. Where lectures did 
not align with tutorials or where PBL was not pursued with whole-hearted enthusiasm and 
consistency, the students were quick to criticise. When either traditional or PBL pedagogies were 
properly implemented, they both were equally appreciated by students. 
Student Learning Styles 
The only dimension where there is any significant pattern in learning styles is the visual-verbal one, 
with visual learning highly favoured (Figure 5).  This pattern is also found in staff members results.  
While working through examples was the prominent mode of working for all students, those at CQU 
appear to have adapted to the unique teaching modes of a distributed multi-campus program in 
interesting ways.  
 
 
   
Fig 5  Students Learning Styles 
(Act/Ref: Active/Reflective; Sen/Int: Sensing/Intuitive;  
Vis/Ver: Visual/Verbal; Seq/Glo: Sequential/Global) 
Students were unable to describe, when asked directly, what they thought their learning style might be, 
although they could articulate strategies that had grown into habits such as repeated drill of typical 
exam questions. Many of them identified this as a strategy developed early in their education and 
remaining unchanged throughout it. However, in discussion of what helps their learning, some 
students identify with statements describing a mix of global learner: 
“I probably learn better if I get the big picture sometimes, and then get more specific.  
Sometimes they just launch into the specific and then I don’t know where it fits in.” 
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Barriers to student learning 
CQUniversity does have a long history of extensive student support, notably through the provision of 
the Maths Learning Centre and the Communication Learning Centre, although investment in this area 
of university activities has declined in recent years according to informants. Only two students 
admitted to having used the Maths Learning Centre and no one said they had been to the 
Communication Learning Centre. Explicit support for students is more visible in Engineering through 
the institution of student feedback to staff.  At the end of each semester,  students are invited to share 
their experience of the program with staff and it appears as though this is more than a gesture. 
However, the most distinctive features of this program from an institutional point of view, turns out to 
be the active learning opportunities presented by PBL and the co-op program and the use of electronic 
technology (ISL) to link various campuses. 
Students are very enthusiastic about the co-op program and appreciated the fact that the whole 
program was geared towards moulding them into efficient professionals (in focus group discussions, 
only one student was doing the non-co-op option and was not pleased about that).  
“There's a pretty strong focus on the real world applications and I feel that's really helpful: 
helps you to understand concepts if you see the application of how something is used routinely 
in the real world rather than something that's more in the abstract"  (1st year student) 
“(Like) the industrial projects, you can see where (like) the work’s being applied, what you're 
spending all this time and money to get to" (1st year student) 
The use of ISL was less popular, although students were keen on online recordings of classes which 
they could work through on their own. This was particularly true when students needed time to 
understand an unfamiliar language accent. 
At CQUniversity, none of the students interviewed identified work, or any of the other factors usually 
identified as possible external distractions, as a potential bar to learning. They frequently seemed to 
take pride in being able to manage both work and study as part of their emerging professionalism. 
A persistent feature, consistent across all year levels studied, was the identification of peers as a major 
learning support. Interaction with peers is facilitated by the provision of common rooms where 
students can get together and collaborate on work or just ‘hang out’. Small cohort sizes probably help 
students to get to know each other and make it possible for the institution to provide the relevant 
rooms. 
The personal factor most commonly identified as hindering learning was a tendency to procrastinate, 
exacerbated in courses that have one end of semester assessment. 
At CQUniversity it was rare for students to admit that any of the content was hard, although reflection 
did get a mention. There did seem to be a tendency to prefer practical, problem-focussed learning 
rather than the theoretical and the abstract. Students also commented that incoherence in course 
organisation made things difficult for them (see also comments above on course organisation). 
When asked what it was about the institution that most helped their learning, students routinely 
identified easy access to staff and interested teachers as most important. 
The University of Melbourne Case study 
Regarded as one of the elite ‘sandstone’ universities, The University of Melbourne has grown from a 
conservative and exclusive institution well beyond the reach of most people in the community to a 
large institution drawing broadly from across the population.  Based in central Melbourne, the 
university also operates a number of specialised, regional campuses. It is committed to a face to face 
experience for its students. Although the University has a strong international orientation through its 
research and its large international student cohort, it has not embarked on international campuses or 
other joint ventures. 
Professional Engineering degrees are offered in two ways, either by a traditional four-year 
undergraduate degree, or alternatively, by a three-year degree in Biomedicine, Environments, 
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Commerce or Science, followed by a two-year professional Master of Engineering.  Both pathways 
lead to professional accreditation with Engineers Australia. The 3+2 year pathway became available in 
2008 and the four year option will be discontinued from March 2010, the final intake for those 
programs. 
Teaching Styles 
The data collection at Melbourne occurred between 15-19 September 2008. The results place lecturers 
in either Grasha’s Cluster 2, characterised by coaching/guiding, illustrating alternatives and 
demonstrating ways of thinking/doing, or Cluster 3, characterised by the use of projects/case studies, 
role plays/simulations and self-discovery activities .  Staff responses to the teaching style inventory 
were either measured as high, moderate or low on the relevant teaching styles category as discussed 
below (see figure 6).  
Teaching style inventory category rankings for 
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Figure 6: Teaching styles of 5 lecturers at the University of Melbourne 
Most observations were carried out in lecture classes, which limit the teacher’s ability to use 
alternative pedagogies.  However, observations uphold this coaching/guiding view of teaching style at 
Melbourne, especially for Cluster 2 style. For instance, one lecturer demonstrated the pursuit of 
problem solutions in dynamic fashion with tablet technology that allowed students to follow his 
reasoning and annotation of the material. This same lecturer repeatedly discussed the problems as 
though he were really confronted with them, asking “so what do I need to do now” and thus again 
modelling professional behaviour and problem solving.  
Other lecturers consistently guided their students with questions such as “When is this going to be 
absolutely summable? Let’s think” and then proceeded to demonstrate the necessary thinking 
processes. In interviews, lecturers identified the fostering of understanding and self-direction as their 
teaching aims and this is consistent with their teaching inventory results. There was not the same 
preoccupation with covering course content here that was observed at the other two field sites. 
Observation in non-lecture classes revealed a less coherent approach. This is where one would expect 
to see a Cluster 3 pattern of using projects and self-discovery, and in fact, students were addressing 
projects. However, there was no coherent structuring of the learning process on display. Instead 
students were working independently of the teacher with occasional input from industry guests. One 
lecturer involved in this kind of scenario admitted to feeling somewhat at sea in the handling of group 
work and students complained about disorganisation. When asked to describe the most typical class, 
both teachers and students talked about lectures, but this is not unique to Melbourne. 
Most of the teachers interviewed at all three universities identified the style of teaching they 
themselves were exposed to as students as mainly a matter of content transfer, and Melbourne 
academics were no exception. Four out of the five lecturers interviewed also referenced their own past 
experience, good and bad, as the major influence on their teaching style. Here, as elsewhere, none of 
them resorted to professional advice or the education literature to address teaching matters, although 
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some said they were beginning to draw on the expertise of the recently formed Engineering Learning 
Unit. Lack of time to find and explore the literature and penetrate its jargon was most commonly cited 
as the reason, and, in common with other Australian universities (King, 2008), there is clearly pressure 
on all staff to maintain research productivity over attention to teaching.  
Student Learning Styles 
It is not unexpected that, almost without exception, students show a strong visual orientation to 
learning, with about three-quarters of those surveyed (n.49) showing a slight preference for active and 
sequential learning (Fig. 7). This style is characterised by students’ enjoyment of learning facts, 
solving problems, and working patiently with details and facts.  
 
   
Fig 7  Students’ Learning Styles 
(Act/Ref: Active/Reflective; Sen/Int: Sensing/Intuitive;  
Vis/Ver: Visual/Verbal; Seq/Glo: Sequential/Global) 
 
The preference of sensing learners is for practical problems tackled by well defined and explained 
methods. This aligns well with the style of lectures discussed above, where problem solving methods 
were clearly modelled. These students, however, are less comfortable with the “in at the deep end” 
approach to project work. In this area, students were unhappy with their experience at Melbourne, 
reporting insufficient lab work or use of industry projects and real world examples.  
The visual preference of students was also demonstrated by their desire for notes and worked 
examples, rather than just the audio stream of lectures: 
I learn stuff by writing, which is clearly the basis of everything in engineering. If you can look 
at something you can learn it; that's how we're meant to proceed … and they're not providing 
that; they're providing auditory learning which is the lectures" (4th yr student) 
Students are actively encouraged to learn collaboratively, with new learning studios as well as large 
general access areas available for between-class collaboration.  
Barriers to Learning and accommodations 
The original research plan hypothesised that a ‘sandstone’ university such as Melbourne might be 
characterised by its greater emphasis on research skills such as abstract thinking. While students do 
not appear to feel they are being prepared for research, they do identify a lack of ties with industry as a 
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negative feature of Melbourne. This is a problem not just in terms of ultimate destinations in the 
workforce but also in getting appropriate vacation work experience. 
In fact, students seemed to feel that the University was not doing enough to foster their professional 
development and suggested that faculty should support clubs in providing such development, 
oblivious to the dozen or so supported clubs that already exist.  
The university provides extensive areas where students can undertake independent study. Some of 
these areas are open plan with bench seating where groups can easily work together, while others are 
quieter and/or less formal. To the observer it appears that these areas are well patronised for their 
intended purposes, but third and fourth year students tended to be dismissive of these initiatives and 
complained further about a lack of equipment such as photocopiers and scanners. 
When asked what was of most help in their learning, Melbourne students at all the levels identified the 
following:  parental financial support, clear and logical lecture notes, enthusiastic lecturers who are 
available for questions and discussions with fellow students. About staff availability there was some 
difference of opinion but all students agreed that where it existed it was very helpful. 
Queensland University of Technology Case study 
Queensland University of Technology (QUT) is based in the inner city of Brisbane with regional 
campuses at Caboolture and Kelvin Grove.  Unlike the other universities in this study, QUT is 
traditionally a technology university with considerable industry contacts. 
Extended fieldwork was conducted at the Gardens Point campus of the Queensland University of 
Technology (QUT) between May and September 2008. A workshop for academics was held in 
October, at which sample data from the study to that date was presented, and the implications of the 
findings discussed. 
Teaching styles 
The aggregate scores of the nine QUT staff who completed the Grasha Teaching Inventory are 
represented in Fig.8.  Taken individually, most staff fell into Grasha’s Cluster 2 pattern, characterised 
by “demonstrating ways of thinking/doing things, coaching/guiding students, illustrating alternatives 
and sharing personal viewpoints” (Grasha 1994).  
 
 
Figure 8: Aggregated staff teaching styles results 
 
Classroom observations suggest that a lecture format is the most common teaching strategy, even in 
classes that are nominally tutorials, and interviews with students confirm this impression. In such a 
format, it is easy for demonstration of correct ways of doing things to shade into simple repetition of 
the textbook content.  Students commented that there was a great deal of boredom, alleviated only by 
those teachers who showed great personal enthusiasm for the subject and/or for the students. Very few 
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examples were observed where lecturers illustrated alternatives, although one or two lecturers clearly 
went out of their way to do so. 
When asked about their teaching aims, staff were as liable to mention the learning process as the 
content although other remarks by staff indicate that perhaps technical proficiency is assumed. There 
is also clearly an emphasis on employment and the skills necessary in industry and students very much 
appreciated any opportunity they were given to undertake projects, visit sites and engage with external 
professionals. This attitude also fits well with the institution’s marketing of itself as the “University for 
the Real World”, which appears to attract some students who might otherwise study engineering 
elsewhere. 
Student Learning styles 
Based on survey data of ninety-nine students, some suggestive overall patterns for student learning 
styles are discernable, especially when staff and student responses are compared.  On the 
active/reflective dimension, there is a clear preference for active learning, although that tendency is 
perhaps stronger in the students than in the staff (Fig. 9).  
 
Fig.9:  Students’ Learning Styles 
Act/Ref: Active/Reflective; Sen/Int: Sensing/Intuitive;  
Vis/Ver: Visual/Verbal; Seq/Glo: Sequential/Global) 
 
Felder and Soloman (n.d.) characterise active learners as those who like to do something with 
information, preferably working in groups and that “sitting through lectures without getting to do 
anything physical but take notes is hard for both learning types, but particularly hard for active 
learners”. Of course there are logistical, historical and other reasons for the institution’s reliance on 
lectures but even within lectures it is possible to have students engage in activities that show them how 
to work with the information being presented but this is rarely done. Students themselves say that they 
get the most out of working through examples but staff seem to operate with a mental model that 
tutorials is where students do some work (such as worked examples) and in lectures they just listen. 
It would be expected, therefore, that for students in engineering who show a preference for sensing 
learning styles, preference will be for hands-on work such as labs and project work and students will 
appreciate courses with a clear sense of relevance to actual practice. It is interesting that the QUT staff 
responses are closer to the student response than those of other universities and one wonders whether 
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this is an institutional effect on the lecturers or whether they self-select for this university on the basis 
of its avowed real-world relevance. 
Barriers to Learning and Accommodations 
QUT was chosen as a case in this research as a representative of the Australian Technical Network 
group of universities (ATN) with the assumption that there would be an emphasis on hands-on skills 
and practical relevance and that this would suit particular learning styles more than others. As have 
been seen, to the extent that active practice, project work and industry connections are present in the 
teaching and learning environment, they are very much appreciated by students and this is consonant 
with the preference for active, visual, sensing learning styles. However, these are preferences that have 
proven to be important at all three universities.  
When asked directly what institutional factors influenced their learning, QUT students identified peer 
and staff support as the most helpful things and various aspects of organisation as the most 
problematic. 
The most widespread concerns about the organisation of courses related to the results of what appears 
to be repeated reorganisation of programs and facilities. The university’s website suggests that there is 
a vast array of offerings under the heading of engineering at QUT, and students mentioned dropped 
courses, try-out courses and physical relocation as problems. Some students have found it hard to 
complete the program they have enrolled in or have had to take units out of sequence. Although, due 
to students’ other commitments such as work or family, taking units out of sequence is a common 
occurrence, the current offerings have  particularly affected part-time students. This affects the 
considerable number of  part-time students and has an impact in terms of the institutional  influences 
on learning. 
Some staff commented that this turbulent history of reorganisation and review has too often resulted in 
curriculum decisions being influenced by factors outside of the control of the engineering discipline, 
and has left curricula in a less than desirable state.  
Another often-mentioned organisational issue was the amount and timing of assessment. While many 
students admit that they do have a tendency to procrastinate, there were enough reports of units 
including many pieces of assessment, some for few marks or for a number of marks disproportionate 
to their workload, to make this a significant issue. Best pedagogic practice is to minimise assessment 
items, but that does not seem to be as widely spread as intended to be. 
Aspects of the organisation, timing, and online support were also problematic for some students. 
Given the importance of practical work, poor organisation of tutorial and lab work may give some 
concern. 
Overall Impressions  
The interviewed students at CQUniversity presented themselves as an active, lively, and self-directed 
cohort of ambitious young people eager to get to grips with professional practice. While they may 
have some reservations about aspects of their encounter with higher education, they clearly feel the 
responsibility to do something about it if it is a real problem, and they are confident of their capacity to 
do so. They can see advantages of both PBL and traditional styles of teaching and have learned to 
cope even with the most difficult learning situations. As far as learning styles go, this cohort seems to 
exhibit much more flexibility than the literature suggests and they stress that it is well-structured 
learning that is important, not necessarily the style. 
As a result of the interactions with students and staff at the University of Melbourne, one can get the 
impression that staff are primarily interested in the theoretical aspects of engineering but are 
concerned to induce students to find out things for themselves after setting them on the right path, 
rather than covering content. While staff see this as fostering self-directed learning, it leads to some 
anxiety among students who want to be clear about exactly what needs to be learned, with no 
surprises. Students at the University of Melbourne rated visual learning very highly but their 
comments on the materials provided suggest that this may mean something different from the image-
based materials that are usually implied. Melbourne students like to have clear and logical notes, lots 
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of examples to work through, and contrast this with the proffered style of auditory learning through 
lectures, insufficiently supported in some cases by textual materials. 
The relative invisibility of workplace destinations and real world applications is worrying to 
Melbourne students. There was no evidence to suggest that students had trouble finding employment 
when they graduated but this was not given much emphasis by the institution compared to what was 
observed in our other case studies. Where projects with external clients/sponsors were provided, they 
seemed to be left to either the students or the clients to organise and it may be that the learning 
objectives were unclear to all concerned. 
At QUT, the overall impression of the institution is that its appeal to the practical and applied in the 
slogan “University for the Real World” is meaningful for most students and they do enjoy an emphasis 
on practice rather than theory. They also acknowledge that many staff members are making special 
efforts to support student learning. However, as an institution, there may be issues around the 
organisation of the curriculum as a whole, individual unit organisation, and the provision of spaces or 
the organisation of disciplines to support the cohort effect amongst engineering students. 
 
Discussion  
This study provided links between the learning preferences of engineering students, as evidenced by 
the learning styles survey results, and students’ views on how they prefer to learn.  
Before proceeding with this discussion, it is important to note here that the use of expressions such as 
“sensing students” or “verbal learners” is meant to refer to the characteristics of a certain style of 
learning, rather than labelling students or learners. Indeed, as will be alluded to later in this paper, it 
was found that, at times, students switch preferences depending on factors such as the materials being 
taught, the type of class (e.g. lecture, tutorial, lab, etc.) or the teaching approaches.  
The survey results discussed above (see figure 9) show that the overwhelming majority of students at 
all three universities show a clear preference for visual learning, which goes beyond many words and 
equations on PowerPoint slides. This is despite the fact that this style of learning may, indeed, satisfy 
some of the verbal learners.  Sensing students out-number the intuitive students, while engineering 
tends to be taught from an intuitive perspective, moving from theory, and then to application 
somewhere later in the course.  Students are fairly evenly split between active-reflective and 
sequential-global learning style dimensions. While these results were mainly consistent with results 
published in the literature (see for example, Mills et al, 2005), it was found that they reveal only some 
aspects about students’ learning preferences.  
Interviewing students in focus groups provided much richer details. As an example, while the survey 
results showed a clear preference for visual forms of information, students’ comments explained what 
they consider visual. For them, visual presentation did not necessarily mean pictures and did not 
equate to the use of PowerPoint slides with mainly textual information. Watching a demonstration or 
watching a teacher developing a solution or equation on the board were forms that rated highly with 
students. One example observed during this study was an online tutorial which began with video 
footage inside the engine room of a steam tug and passed through animated diagrams of the operations 
of the engine to animated graphs of the values involved. This was visual in a number of ways, 
including footage of an actual engine and the demonstration of the steps by which an engineer 
translates the actions of the machine into equations.  Step by step demonstration of materials through 
hands-on practical exercises can facilitate learning for learners of various preferences, but especially to 
those who prefer visual presentations. 
Students need to see theory in the context of applications, and this is a clear message from this study. 
Applications engage with students’ visual preference. They can be introduced through slides, videos or 
site visits, and industry speakers can provide further professional credibility.   
Another insight gained was that the most obvious ways in which the organisation of information 
impacts on student learning has to do with the way teachers structure and organise the material. This 
can be seen as a link between learning preferences and teaching practices. Well structured materials 
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relate to clarity of aims and objectives. Again, students’ views as expressed during focus group 
discussions indicated that good structure allowed them to go to whatever they needed in the course in 
a flexible way. A disorganised presentation was possible even with well structured material and 
students found this hard to cope with, even where the lecturer was enthusiastic about their subject.  
Organising information so that it has obvious real world relevance was also important to students. This 
encompassed large scale relevance such as the students’ preference for project based learning down to 
the use of currently relevant examples even in theoretical discussions. Teaching approaches that 
allowed students to relate new information to what they already knew and to what they conceived their 
ultimate profession to be were considered helpful to learning, irrespective of preferences for global or 
sequential learning. 
Considering teaching styles, survey data were complemented by classroom observations and 
interviews with academic staff. The teaching instances observed consisted mainly of delivery through 
lectures. Interviews with academic staff shed some light on the effects of program design, including 
the main program mode of delivery, such as the use of problem based learning or  focusing on theory 
versus practice. 
From class observations and interviews with academic staff, a gap was identified between intention 
and reality when lecturers talk about their teaching approaches. Take for example the issue of 
facilitating group discussions, especially in large lecture settings. This was unsettling to many 
academic participants. In many cases, facilitation was often being equated with asking questions. One 
common practice that was observed in classrooms was a habit of throwing out a question to the whole 
class without any preparatory work either on the board or in groups and without any particular student 
or group being addressed.  
Successful facilitation requires at least a minimum of structuring of the learning by the teacher, and 
many staff were not sure about how to do this. This may also imply that there is a need to escape from 
heavy reliance on lectures for information delivery, tutorials for problem practice, with a few labs 
thrown in to satisfy the accreditation process. Universities have moved further and further down this 
unsatisfactory path due to reduced government funding over the past twenty years, and increasing 
expectations that staff will spend more and more of their time doing research. 
Some instances of a mismatch between students’ and lecturers’ learning styles were observed. 
However, it should be noted that the small number of participating academics in this study means that 
such observations cannot be used for generalisations. One remark that can be mentioned here is that 
through interviews, it appeared that some academics tended to use, albeit unintentionally, teaching 
approaches that would appeal to them as learners. In such cases, bringing this to the academic’s 
attention would be a first step towards minimising the effects of such a mismatch.  
Another observation is that in the sensing-reflective dimension, participating academics from the 
institution which had more emphasis on linking theory with practice, showed more preference to the 
sensing style, which favours using tried methods in practical settings. It is not clear though, if this is 
due to the influence of the institutional environment on the teaching academics, or simply a reflection 
of the type of academics who are drawn to work in such an institution, 
Conclusions 
The work presented in this paper has endeavoured to address a number of issues and influences in 
relation to students’ learning preferences and academics’ teaching styles. The work also examined 
possible barriers to student learning and the sources of those barriers, across three Australian academic 
institutions. While there were some common elements across the institutions involved, there was also 
evidence of the influence of the specific academic institution on certain aspects of student learning.  It 
was found that: 
 Students’ understandings of their own learning do not map directly onto the dimensions of the 
learning styles inventory used in this study. Students are prepared to be and indeed prefer to be 
flexible in their approaches to learning.  
 Teaching style is so often subject to the requirements of the style of class (lecture vs. lab for 
instance) or curriculum (such as Problem Based Learning) that many lecturers do not seem to have 
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a clear preference and strategy for a specific cluster of teaching styles. While lecturers may exhibit 
the characteristics of a certain teaching style cluster in one teaching setup, they may adopt a 
different one in another class. However, based on the comments of participating academics (during 
the interviews) they may be able to describe their teaching styles in terms that are parallel to those 
described by the survey instrument used in this study.  
 Students who participated in the focus groups never discussed their teachers in terms that could be 
matched to specific teaching style clusters, but talked instead about their enthusiasm, helpfulness 
and organisation.  
 It appears that the constraints on the academics’ classroom performance and what style they may 
prefer to adopt when they can, are less visible aspects to students. Students are more inclined to 
respond positively when attention is paid to enthusiasm, helpfulness and organisation.  
 Systematic barriers to learning still exist arising from the educational environment, institutional 
norms, and the personal attributes of students and aspects of their behaviour. These barriers tend to 
be intertwined and mutually reinforcing and some of them lie outside of the control of teachers or 
institutions.  
The question for engineering educators is how to create the type of learning environment that can 
adapt to a variety of learning styles when trying to manage classes of 200, 400 or 800 students. Is 
anything beyond a fast food approach possible? Is it inevitable to have universities that are 
fundamentally not very nutritious? If the aim is to supply students with a rich learning experience, 
lessons learnt through this and similar studies should be converted into improved everyday 
interactions with students. 
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